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(54) Nuclear fuel assembly with extruded active height for a pressurized water reactor 



(57). In a fuel assembly (40) for a pressurized water 
reactor, fuel rods (48) extend up to the lower tie plate 
(42). The lower end caps (49) of said fuel rods (48) are 
secured within apertures (70) in the lower tie plate (42). 
Advantageously, a spring (74) is disposed within each 
aperture (70) and exerts lateral forces against the lower 
end cap (49) to prevent or reduce vibrations. 

There results an extended active height of the fuel 
rods without increased pressure drop across the fuel 
assembly, and consequently a possible increase of the 
power generated by the assembly, as compared with the 
prior art assembly design. 
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Description 
Field of the Invention 

The present invention relates generally to nuclear s 
fuel assemblies for pressurized water nuclear rectors, 
and more particularly to decreasing the pressure drop 
across the fuel assembly and increasing the amount of 
power generated by the fuel assembly. 
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Background of the Invention 

As is well known, improvements in fuel cycle costs 
of nuclear power plants may be achieved by increasing 
the net amount of fuel in the fuel assemblies in the reac- is 
tor core. Although increasing the diameter of the fuel 
rods would produce such an increase, it would also result 
in the concomitant increase in the resistance to coolant 
flow within the assembly and an increase in pressure 
drop. Spacer grids which assist in maintaining the fuel 20 
rods in fixed positions in the fuel assembly also contrib- 
ute significantly to the resistance to coolant flow and 
increase in pressure drop across the fuel assembly. 
Since reactor power levels are limited by the amount of 
coolant flowing through the assembly as well as by local 25 
heat transfer conditions present at the surface of the fuel 
rods, it is highly desirable that spacer grids offer as little 
resistance to coolant flow as is possible. Furthermore, 
since there are several spacer grids which are located at 
selected intervals along the length of the fuel assembly, 30 
their total contribution to resistance to coolant flow and 
pressure drop affects the maximum quantity of nuclear 
fuel that may be utilized in a particular fuel assembly 
design. It would thus be an advantage over prior art 
designs if a spacer grid offered lower resistance to cool- 35 
ant flow, or one or more of the spacer grids could be elim- 
inated from the assembly resulting in a decrease in the 
pressure drop and thereby permitting an increase in the 
total amount of power generated by the nuclear fuel 
assembly. 40 

Further improvements in nuclear reactor operations 
could be achieved if the amount of power that could be 
safely produced within the fuel assembly was increased. 

Spacer grids which provide lateral bracing and rod- 
to-rod spacing are typically designed to allow differential 45 
axial expansion of the fuel rods. Springs incorporated in 
the spacer grids are most frequently used to permit some 
sliding of the fuel rods with respect to the spacer grids. 
In some of the designs, the spacer grid is free to move 
axially a small amount to accommodate minor changes so 
in the axial length of the fuel rods during irradiation. K 
spacer grids were to be rigidly connected to the fuel rods 
as well as to structural members of the fuel assembly, 
then relative axial movement due to rod growth and ther- 
mal expansion of adjacent rods can cause local fuel rod ss 
skewing and bowing. 

As is well known, spacer grids are generally built up 
from a relatively large number of different intricately 
shaped strips that are fitted together to form spacer cells 
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and subsequently welded. Each spacer ceil includes 
dimples and/or springs to maintain the desired rod-to- 
rod spacing. Thus, the springs and dimples keep the fuel 
rods in their proper lateral positions. But. under the influ- 
ence of radiation, the springs are prone to relax and this 
can lead to undesirable changes in fuel rod pitch (i.e. rod- 
to-rod spacing) or it may cause gaps or spaces to 
develop between fuel rods and the springs and dimples, 
and increases the likelihood that the rods and/or spacer 
grids will vibrate. Such gaps, changes in fuel rod pitch, 
and vibration may lead to fuel rod fretting and failure. Fur- 
thermore, as the fuel is irradiated, the fuel rods undergo 
a shrinkage or diameter reduction known as "creep- 
down" which can result in gaps between the fuel rod clad- 
ding and the springs or dimples which in turn can cause 
or contribute to fuel rod fretting. 

Thus, it would be an advantage over prior art nuclear 
fuel assemblies to: (a) eliminate at least one spacer from 
the assembly and thereby decrease the pressure drop 
across the assembly and increase the power generated 
by the assembly; and (b) further increase the power gen- 
erated by the assembly by replacing the eliminated 
spacer(s) with a securing means which permits addi- 
tional fuel to be placed within the fuel rods but without 
extending the overall length of the fuel assembly and 
without increasing the pressure drop across the fuel 
assembly. 

Summary of the Invention 

A nuclear fuel assembly having a predetermined 
overall length for a pressurized water reactor, comprising 
a lower tie plate having at least one aperture, a guide 
tube having an upper end and a lower end connected to 
the lower tie plate, spacer grids spaced along the guide 
tube, an upper tie plate which is attached to the upper 
end of the guide tube, an instrumentation tube attached 
at one end to the lower tie plate and attached at an oppo- 
site end to the upper tie plate, extended fuel rods which 
extend to the lower tie plate and which are spaced radi- 
ally and supported along the guide tube by the spacer 
grids, and at least one of the extended fuel rods has at 
a lower end a fuel rod lower end cap which is secured 
within the aperture in the lower tie plate. 

prjef Pescription of the Prawings 

Figure 1 is a side eievational view of a prior art 
nuclear fuel assembly for a pressurized water reac- 
tor; 

Figure 2 is a side eievational view of a nuclear fuel 
assembly for a pressurized water reactor in accord- 
ance with the present invention; 

Figure 3 is an enlarged detail partial sectional view 
of the lower portion of the fuel assembly in Figure 2 
showing the fuel rods within the lower tie plate; 
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Rgure4 is an enlarged detail view of Figure 3 show- 
ing one of the fuel rods positioned within the lower 
tie plate; 

Figure 5 is an enlarged perspective view of a portion 
of the upper tie plate of the fuel assembly shown in 
Figure 2; 

Figure 6 is a perspective view looking up at a portion 
of the upper tie plate and fuel rod support housing 
showing the upper portions of the extended fuel rods 
positioned within each of their respective support 
locations; 

Figure 7 is a top view of the fuel assembly shown in 
Figure 2; and 

Figure 8 is an enlarged partial sectional view of a 
portion of the tie plate of the fuel assembly shown in 
Figure 2 taken along line 8-8 in Fig. 7. 

Petaled Pescription of the Invention 

Figure 1 represents a pressurized water reactor 
(PWR) nuclear fuel assembly 10 comprising a lower tie 
plate 12, guide tubes 14, fuel rods 18 which are spaced 
radially and supported by spacer grids 16a, 16b, 16c, 
16d, 16e, and 16f which are spaced along the guide 
tubes, instrumentation tube 28, and upper tie plate 37 
attached to the upper ends of the guide tubes. Although 
six spacers are shown for purposes of illustration, other 
fuel assembly designs can utilize more or less than that 
shown. Each fuel rod 18 generally includes nuclear fuel 
pellets 20 composed of fissionable material and an upper 
end plug 22 and lower end plug 24 which seal the fuel 
rod. W^ter as the coolant/moderator is pumped upwardly 
through the fuel assemblies thereby removing the heat 
generated by the fuel rods. Control rods which are used 
to assist in the controlling the fission reaction are dis- 
posed in the guide tubes, but are not shown in this view. 
Several control rods are grouped together and each con- 
trol rod has a radial arm which interconnect with one 
another at a central cylindrical member to form a control 
rod cluster control mechanism for vertically lowering and 
raising the control rods in the cluster into and out of the 
guide tubes, and hence into and out of the fuel assembly. 

Referring to Figure 2, a pressurized water reactor 
(PWR) nuclear fuel assembly 40 according to the inven- 
tion is shown comprising a lower tie plate 42, guide tubes 
14 the lower ends of which are connected to the lower 
tie plate (not shown in this view), extended fuel rods 48 
which are spaced radially and supported along the guide 
tubes by spacer grids 16b, 16c, 16d and 16e, an instru- 
mentation tube 28 (not shown in this view), and upper tie 
plate 46 which is attached to the upper ends of the guide 
tubes. Each extended fuel rod 48 includes nuclear fuel 
pellets 20 composed of fissionable material. Upper end 
plug 22 (not shown in Figure 2) seals the upper end of 
the extended fuel rod. 



In order to decrease the pressure drop across the 
length of the fuel assembly and to thereby increase the 
amount of power which can be generated by the fuel 
assembly the lowermost spacer (i.e. 16a of the prior art 

5 fuel assembly) is eliminated in the assembly 40 as shown 
in Figure 2. However, the lowermost spacer of the prior 
art fuel assemblies functions not only to maintain rod-to- 
rod spacing between the fuel rods, but also to resists 
vibration induced fatigue of the lower end of the fuel rod 

w which would occur if the lower ends of the fuel rods were 
not restrained against movement caused by coolant 
moderator which flows up through the fuel assembly. 

In accordance with the present invention, rather than 
secure the lower end of the fuel rods to the guide tube 

75 by either a spacer, as in the prior art, or any other means 
which attaches to the guide tube, extended fuel rods 48 
extend down to the lower tie plate 42 where they are 
secured. Although the possibility of vibration induced 
fatigue of the lower ends of the fuel rods is reduced by 

20 extending the fuel rods down into and securing them 
within the lower tie plate, the possibility of flow induced 
vibration leading to fretting wear of the lower portion of 
the fuel rod positioned with the lower tie plate is 
increased. In accordance with the present invention, the 

25 extended fuel rods are secured within apertures in the 
lower tie plate by the use of a spring which exerts a lateral 
force on the fuel rod end plug to overcome the vibratory 
forces induced by the coolant flow thereby preventing lat- 
eral motion and possible fuel rod fretting, as well as vibra- 

30 tion induced fatigue. 

Referring to Figure 3 which is an enlarged partial 
sectional view of the lower portion of the fuel assembly 
40 shown in Figure 2 showing lower tie plate 42. Each 
extended fuel rod 48 has at its lower end a fuel rod lower 

35 end cap 49 which is positioned in a corresponding aper- 
ture 70 in lower tie plate 42. As shown in Figure 4, which 
is an enlarged view of one fuel rod positioned within 
lower tie plate 42, within each aperture 70 is a bore 72 
which accommodates spring 74 which exerts lateral 

40 forces against the fuel rod end cap 49 to restrain the fuel 
rod and overcome the vibratory forces induced by the 
coolant moderator flow thereby preventing lateral motion 
and possible fuel rod fretting as well as vibration induced 
fatigue. 

45 In order to further reduce the pressure drop across 
the fuel assembly and thereby obtain further increased 
power from the fuel assembly, the uppermost spacer (i.e. 
spacer 1 6f of the prior art fuel assemblies) is eliminated. 
However, as in the situation where the lowermost spacer 

so of the prior art fuel assemblies was removed, vibration 
induced fatigue of the upper portion of the fuel rod can 
occur if the fuel rods are unrestrained. In accordance 
with a further aspect of the present invention, and as 
shown in Figure 2, upper tie plate 46 extends down over 

55 the top of each fuel rod 48. The top of each fuel rod is 
secured within a fuel rod support housing which has a 
plurality of springs each of which exerts a lateral force 
on the top of the fuel rod to overcome the vibratory forces 
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induced by the coolant flow thereby preventing lateral 
motion and possible fuel rod fretting. 

Referring to Figure 5 which is an enlarged perspec- 
tive view of a portion of upper tie plate 46 shown in Figure 
2 but with fuel rods and guide tubes removed, fuel rod 
support housing 50 is shown having bores 52 in which 
the upper ends of the extended fuel rods are positioned. 
Guide tube cells 60 (only one of which is shown in Fig. 
5) receives guide tubes 1 4 through which the control rods 
move to increase or decrease the reactivity of the core. 
Figure 6 is a perspective view looking up at the upper tie 
plate 46 and fuel rod support housing 50 showing the 
upper portions of extended fuel rods 48 positioned within 
each of their respective support locations. 

Figure 8 is a partial sectional view of upper tie plate 
46 taken along line 8-8 in Figure 7 and shows the upper 
end of each of several fuel rods 48 positioned within fuel 
rod support housing 50. Fuel rod support housing 50 is 
adapted to have bores 52 in each of which is positioned 
a spring 54 which exerts a lateral force against the wall 
of fuel rod 48 to overcome the vibratory forces induced 
by the coolant flow thereby preventing lateral motion and 
possible fuel rod fretting. Coolant flow holes 59 allow 
coolant/moderator to pass through upper tie plate 46 and 
exit the top of the fuel assembly. Communicating with 
bore 52 is chamber 56 having a discharge passageway 
58 to allow any coolant moderator which enters the open- 
ing for the fuel rods in the fuel rod support housing to 
discharge at the downstream side of the upper tie plate. 

As stated above, the fuel assembly of the present 
invention has several advantages. First, by eliminating 
the lowermost spacer, the pressure drop across the 
assembly is reduced and increased power is obtained. 
Second, by increasing the amount of fuel in each fuel rod 
by lengthening the active length of the fuel rods down to 
the lower tie plate, a further increase in power is obtained 
from the assembly. Third, by securing the lengthened 
fuel rods in the lower tie plate by the use of lateral 
restraint, vibration induced fatigue that would have 
resulted by the elimination of the lowermost spacer if the 
fuel rods were not restrained) is precluded, and fuel rod 
fretting resulting from possible lateral movement within 
the lower tie plate is also precluded. Fourth, by eliminat- 
ing the uppermost spacer, the pressure drop across the 
assembly is again reduced and further increases in 
power is obtained. Fifth, by securing the upper end of the 
fuel rod in the upper tie plate by the use of lateral 
restraint, vibration induced fatigue that would have 
resulted by the elimination of the uppermost spacer (if 
the fuel rods were not restrained) is precluded, and fuel 
rod fretting resulting from lateral movement within the 
upper tie plate is precluded. 

The advantages of increased power, decreased 
pressure drop, and elimination of fuel rod fretting to the 
lower and upper ends of the fuel rods, all of which is 
achieved without changing either the length of the fuel 
assembly, or the fuel rod diameter, or fuel rod pitch, make 
the present invention particularly useful for all pressu- 
rized water reactors. 



While the foregoing description and drawings repre- 
sent the preferred embodiments of the present invention, 
it will be apparent to those skilled in the art that various 
changes and modifications may be made therein without * 
5 departing from the true spirit and scope of the present 
invention. 

Claims 

w 1. A nuclear fuel assembly having a predetermined 
overall length for a pressurized water reactor, com- 
prising: 

(a) a lower tie plate having at least one aperture; 
is (b) a guide tube having an upper end and a 

lower end, the lower end connected to the lower 
tie plate; 

(c) spacer grids spaced along the guide tube; 

(d) an upper tie plate which is attached to the 
20 upper end of the guide tube; 

(e) an instrumentation tube attached at one end 
to the lower tie plate and attached at an opposite 
end to the upper tie plate; 

(f) extended fuel rods which extend to the lower 
tie plate and which are spaced radially and sup- 
ported along the guide tube by the spacer grids, 
at least one of the extended fuel rods having at 
a lower end a fuel rod lower end cap, the lower 
end cap being secured within the aperture in the 
lower tie plate. 

The assembly as in claim 1 wherein the lower end 
cap is secured by a spring which exerts lateral forces 
against the lower end cap, the spring being disposed 
within the aperture in the lower tie plate. 

The assembly as in claim 1 wherein at least one of 
the extended fuel rods has an upper end, and the 
upper tie plate further includes a fuel rod support 
housing which extends down over the upper end of 
the at least one of the extended fuel rods. 

The assembly as in claim 2 wherein at least one of 
the extended fuel rods has an upper end, and the 
upper tie plate further includes a fuel rod support 
housing which extends down over the upper end of 
the at least one of the extended fuel rods. 

The assembly as in claim 3 wherein the fuel rod sup- 
port housing is adapted to have at least one bore, 
the assembly further including a spring positioned 
within the at least one bore, the spring exerting a 
lateral force on the upper end of one of the extended 
fuel rods positioned within the at least one bore. 

The assembly as in claim 4 wherein the fuel rod sup- 
port housing is adapted to have at least one bore, 
the assembly further including a spring positioned 
within the at least one bore, the spring exerting a 
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lateral force on the upper end of one of the extended 
fuel rods positioned within the at least one bore. 
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FIG. 2 




m 



warns 



16c 16c 



nmnnmn 



16b 16b 



16a 



IB- 



ft 

14 



24 
14 



14 



42 



■12 



28 14 



28 



MtMWnrt. .en 



EP0 704 858A1 



FIG. 3 




FIG. 4, 



EP 0 704 858 A1 



FIG. 5 




8 




9 



EP0704 858A1 



58: 



46 

59 
28 

8 



L 



14 



58 

-t- 

Y 7 i • y iy 



14 



FIG. 7 




; < ^dh < ^.<>.<^<>.<^ < ><H>; 



0 



□ 




V 



58 




FIG. B 




10 



EP0704 858A1 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 95 11 2550 



DOCUMENTS CONSIDERED TO BE RELEVANT 



C»t«tory 



Citation of document with indication, where appropriate, 
of I 



Relevant 
to 



CLASSIFICATION OF THE 
APPLICATION (Int.CL6) 



A 
Y 



EP-A-0 201 859 (WESTINGHOUSE ELECTRIC 
CORPORATION) 

* column 3, line 25 - column 5, line 35; 
claim 2; figures 2-14 * 



FR-A-2 171 279 (TRANSFER SYSTEMS INC.) 

* page 1, column 1 - column 3 * 

* page 4, line 20 - line 26; figures 1-3 

US-A-4 671 924 (GJERTSEN ET AL.) 

* column 7, line 43 - line 54; figures 
12A-12B * 

PATENT ABSTRACTS OF JAPAN 

vol. 13, no. 554 (P-973) (3902) 11 

December 1989 

& JP-A-01 232 290 (NIPPON NUCLEAR FUEL 
DEV) 18 September; 1989 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 18, no. 162 (P-1712) 17 March 1994 
& JP-A-05 333 179 (NUCLEAR FUEL IN0) 17 
December 1993 

* abstract * 



G21C3/33 
G21C3/32 



2-6 
1 



2,5,6 



3,4 



TECHNICAL FIELDS 
SEARCHED (I0LCL6) 



G21C 



The present search report has been drawn up for all claims 



8 
I 

a 

3 
I 
| 
c 

(a. 

o 



Plan of *eartk 

THE HAGUE 



Date ml co**>lctio« of the uatfc 

23 November 1995 



Deroubaix, P 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
O : document cited In the application 
L : document cited for other reasons 

it : member of the same patent family, corresponding 
document 



11 



(19) 



J 



Europflisches Paterrtarnt 
European Patent Office 
Office europ£en das brevets 



iiiii 



(12) 



(43) Date of publication: 

03.04.1996 Bulletin 1996/14 

(21) Application number: 95112550.9 

(22) Date of filing: 09.08.1995 



01) EP 0 704 858 A1 

EUROPEAN PATENT APPLICATION 

(51) tat Ci. 6 :G21C 3/33, G21C3/32 



(84) Designated Contracting States: 
BE DE ESFRGB SE 

(30) Priority: 29.09.1994 US 314758 

(71) Applicant: Siemens Power Corporation 
Richland, WA 99352 (US) 



(72) Inventors: 

• Christiansen, David W. 
Kennewick, WA 99337 (US) 

• Long, John W. 
Richland, WA 99352 (US) 

[74] Representative: Fuchs, Franz-Josef, Dr.-lng. et al 
Postfach 22 13 17 
80503 MQnchen (DE) 



(54) 



Nudear fuel assembly with extruded active height for a pressurized water reactor 



(57) In a fuel assembly (40) for a pressurized water 
reactor, fuel rods (48) extend up to the lower tie plate 
(42). The lower end caps (49) of said fuel rods (48) are 
secured within apertures (70) in the lower tie plate (42). 
Advantageously, a spring (74) is disposed within each 
aperture (70) and exerts lateral forces against the lower 
end cap (49) to prevent or reduce vibrations. 

There results an extended active height of the fuel 
rods without increased pressure drop across the fuel 
assembly, and consequently a poss&e increase of the 
power generated by the assembly, as compared with 
the prior art assembly design. 
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